In this paper, we continue to study a unified dark fluid model with a constant adiabatic sound speed but with the entropic perturbations. When the entropic perturbations are included, an effective sound speed, which reduces to the adiabatic sound speed when the entropic perturbations are zero, has to be specified as an additional free model parameter. Due to the relations between the adiabatic sound speed and equations of state (EoS) c 2 s,ad (a) = w(a) − d ln(1 + w(a))/3d ln a, the equation of state can be determined up to an integration constant in principle when an adiabatic sound speed is given. Then there are two degrees of freedom to describe the linear perturbations for a fluid. Its micro-scale properties are characterized by its EoS or adiabatic sound speed and an effective sound speed. We take the effective sound speed and adiabatic sound speed as free model parameters and then use the currently available cosmic observational data sets, which include type Ia supernova Union 2.1, baryon acoustic oscillation and WMAP 7-year data of cosmic background radiation, to constrain the possible entropic perturbations and the adiabatic sound speed via the Markov Chain Monte Carlo method. The results show that the cosmic observations favor a small effective sound speed c 
I. INTRODUCTION
In the last few years, the unified dark fluid models [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] were investigated as a possible explanation to an accelerated expansion phase of our Universe [13, 14] . These models are inspired by the facts that above 96% of the energy content in the Universe is made of unknown dark component. These unified dark fluid models include the popular generalized Chaplygin gas (gCg) model [4] [5] [6] [7] [8] as a sample which is a generalization of the Chaplygin gas (Cg) model or a coined model from the ΛCDM model [9] . Actually, the EoS' of these unified dark fluid are specified in different models. Then their linear perturbation evolutions are determined via the relations c 2 s,ad (a) = w(a) − d ln(1 + w(a))/3d ln a between the adiabatic sound speed and its EoS of UDF when the entropic perturbations are zero. On the contrary, when the adiabatic sound speed is preposed, the EoS can also be determined up to an integration constant in principle. Based on this point, the so-called ΛαCDM or CASS model was proposed [2, 3, 10] where a constant adiabatic sound speed c 2 s,ad = α was assumed. The case of α = 0 was discussed in Ref. [11] . And the time variable sound speed cases were also discussed in [12] . As pointed out by the authors [15] , when α is negative, this model can be seen as the attractor solution of quintessence scalar field dynamics. Also, it can be treated as k-essence scalar field [3] . Interestingly, it can avoid the so-called averaging problem [16] when the perturbations become nonlinear [3] . So, in this paper, we are going to investigate this unified dark fluid model.
However when the entropic perturbations are included * lxxu@dlut.edu.cn the adiabatic sound speed is not enough to characterize the micro-scale properties, one has to introduce the effective sound speed as a specified model parameter as an addition to its EoS. For a generalized dark matter, the effective sound speed was defined in Ref. [17] . The effective sound speed is reduced to the adiabatic sound speed when the entropic perturbations vanish.
The model with a constant adiabatic sound speed and entropic perturbations was investigated in Ref. [18] , where the limited cases of effective sound speed c 2 ef f = α, 0, 1 were discussed. However, the effective sound speed should be a free model parameter to be determined by the cosmic observations instead of being fixed to a special value by hand. So, in this paper, we will consider a more general case where the effective sound speed c 2 s,ef f is taken as a free model parameter in the range of [0, 1] . And we will use the currently available cosmic observational data sets, which include type Ia supernova Union 2.1, baryon acoustic oscillation and WMAP 7-year CMB, to determine the model parameter space via the Markov Chain Monte Carlo (MCMC) method. This paper is structured as follows. At first, in section II, we give a very brief review of the unified dark fluid model with a constant adiabatic sound speed (CASS) c
II. A BRIEF REVIEW OF CASS MODEL
In this section, we will give a very brief review of CASS model which has constant adiabatic sound speed c 2 s = α, for the details please see the Ref. [3] . The energy density and equation of state (EoS) of this UDF are given in the following forms
where B s in the range 0 ≤ B s ≤ 1 and α are model parameters. In the pure adiabatic perturbation case, the value of α should be fixed in the range of [0, 1] . When the entropic perturbations are included, the adiabatic sound speed can be negative [17] . So, in this paper, we assume it is in the range [−1, 1] . Of course it will be determined by the cosmic observations.
Considering the perturbation in the synchronous gauge, the perturbed metric reads
where τ is the conformal time and h ij is the metric perturbation. From the conservation of energy-momentum tensor T µ ν;µ = 0, one has the perturbation equations of density contrast and velocity divergence for dark fluid in the synchronous gaugė
following the notations of Ma and Bertschinger [19] , where the definition of the adiabatic sound speed
is used. For the gauge ready formalism about the perturbation theory, please see [20] . For a pure barotropic fluid, it has an imaginary adiabatic sound speed which causes instability of the perturbations when its EoS is negative, for example the w = constant quintessence dark energy model. The way to overcome this problem is to allow an entropy perturbation and to assume a positive or null effective speed of sound. Following the formalism for a generalized dark matter [17] , one can separate out the non adiabatic stress or entropy perturbation for the UDF
which is gauge independent. In the rest frame of UDF by introducing the effective speed of sound c 2 s,ef f , the entropy perturbation is specified as
The gauge transformation into an arbitrary gauge
gives a gauge-invariant form for the entropy perturbations. By using the Eqs (7,) (8) and (9), one can recast Eqs. (4), and (5) intȯ
please see also in [18] and [21] for the conformal gauge.
The above two equations reduce to the corresponding continuity and Euler equations as shown in our previous work [3] when the entropy perturbation vanishes. For the dark fluid in this paper, we assume the shear perturbation σ d = 0. In our calculations, the adiabatic initial conditions will be taken. To perform the numerical calculation, we modified the publicly available cosmoMC package [24] to include the dark fluid perturbation in the CAMB [25] code which is used to calculate the theoretical CMB power spectrum. We added new parameters and modified the perturbations equations for the dark energy in the CAMB code.
III. CONSTRAINT METHOD AND RESULTS
A. Implications on CMB anisotropy for model parameter c 2 s,ef f
In our previous paper [3] , for the only adiabatic perturbation case, we have discussed the implication on CMB anisotropic power spectra of the model parameter α and B s , for the details please see [3] . When we fix the values of the adiabatic and effective sound speeds, the other relevant model parameters have the same effects to the CMB power spectra as shown in our previous paper [3] . So, in this paper, we focus on the model parameter c For different values of the effective sound speed in the range [0, 1], we plotted their effects on the CMB anisotropic power spectra in Figure 1 . As shown in this figure, CMB power spectra favor small values of c 2 s,ef f . For large values of c 2 s,ef f , the gravitational potential decays fastly due to pressure support of the UDF fluctuations during UDF domination. The effect monotonically decrease as c 2 s,ef f decrease to zero which was analyzed in Ref. [17] . It is clear that CMB power spectra favor small values of the effective sound speed. We expect the CMB power spectra can give a tight constraint to the model parameter c 2 s,ef f .
B. Method and data points
To constrain the model parameter space, we use the Markov Chain Monte Carlo (MCMC) method. We adopted the following 8-dimensional parameter space
The priors of the model parameters are shown in Table  I . We adopted k s0 = 0.05Mpc −1 as the pivot scale of the initial scalar power spectrum.
Model Prameters
Priors The total likelihood L ∝ e −χ 2 /2 should be calculated to get the model parameter space, where χ 2 is given as
For CMB data set, the temperature power spectrum from WMAP 7-year data [28] are employed. For the BAO information, the SDSS data points [29] are used. For SN Ia, we use the 580 Union2.1 data sets with systematic errors [30] . For the detailed description, please see Refs. [3, 31] .
C. Fitting Results and discussion
We ran 8 chains in parallel on the Computational Cluster for Cosmos (3C) and checked the convergence (R − 1 is of the order 0.01). The obtained results are shown in The most relevant and interesting model parameters to the UDF are the constant adiabatic sound speed c −0.00155 in 1σ region. When the entropy perturbation is included, a negative adiabatic sound speed is favored which is different from that of the pure adiabatic case. By using the obtained mean values, we plotted the evolutions of EoS for the UDF with respect to the scale factor a in Figure 3 . From the EoS figure, one can read off that the UDF behaves like cold dark matter at the earlier epoch and like dark energy at the later epoch. Then the small perturbations of UDF can grow into the large scale structure of our Universe. We also show the C T T l power spectra for ΛCDM model and observed data points in Figure 4 where the mean values of relevant model parameters are adopted. It implies that current cosmic observational data points can not discriminate ΛCDM model from the UDF model.
We also show the evolutions of δ d and v d of the UDF with respect to the redshift z on the scale k = 10 −3 Mpc −1 in Figure 5 . One can easily see the growth of the UDF perturbations with the evolution of our Universe.
IV. SUMMARY
In this paper, we continued to study a unified dark fluid model with a constant adiabatic sound speed but with the entropic perturbations. As comparisons to the previous work [18] , we took the effective sound speed as a free model parameter to characterize the micro-scale properties in additional to its EoS instead of fixing it to a specific value by hand. And then we try to use the currently available cosmic observations which include SN Union2.1, BAO and full information of CMB to determine the properties of this UDF model via the MCMC method. A tight constraint was obtained as shown in Table II. We also show the evolutions of the EoS of the UDF and its perturbations with the evolution of our Universe. The analysis tells us that the UDF behaves like cold dark matter at early epoch and like dark energy at late time. One can also see the growth of the perturbations of the UDF with the expansion of our Universe in Figure 5 . It shows the possibility for a small UDF perturbation to grow into a large scale structure of the Universe. We expect our study can shed light on the understanding of the dark side of our Universe.
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